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NATTONAT, ADVISORY COMMITTEE FOR AERONAUTICS

. RESFARCH MEMORANDUM
THE EFFECTS AT A -MACH NUMBER OF 6.86 OF DRAG BRAKES

ON THE LIFT, DRAG, AND PTTCHING MOMENT

'
; OF AN OGIVE CYLINDER

By Jim A. Penland and David E. Fettermsn, Jr.

SUMMARY

Results are presented of three-camponent force tests of a cylindrical
body with an ogival nose equipped with penel-type drag brekes each
covering approximately 21 percent of the body circumference and located
on opposite sides of the body at the rear end. The investigation was
mede in the Lengley 1l-inch hypersonic tunnel at a Mach number of 6.86,

a Reynolds number ; ‘of 1. 5 X 106 based on body length, angles of attack
from -5° to 259, and brake-deflection angles from 0o to 30°, with the
brukes in the vertical and horizontal planes. The comparison of experi-
mental. results with the results of Newtonian impact theory shows that the
trends of the lohgitudinal_characteristics with angle of attack may be
predicted with reasonable accuracy. The drag brakes in the vertical
position produce higher total drag and higher negative pitching moments
at angles of attack than do the identical brakes in the horizontal posi-
tion, even though the top drag brake becomes ineffective at hlgh angles
of attack.

-3 IieroDUGEION

A hypersonic aircraft or missile flying at extremely high altitudes
will encounter aerodynamic heabing of increasing intensity as it descends
into the atmosphere. "This heating may be slleviated by decelerating the -
aircraft. One means of accomplishing this deceleration is by increasing
the total drag of the capBiguration through the use of drag brakes.

As part of an overall program to investigate an girplane configu-
ration at high supersonic speeds (refs. 1 to 7), an investigation was
mede to determine the\effects on 1lift, drag, and pitching moment of
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panel-type diametrically opposite body flaps located at the reaxr end of
an ogive-cylinder fuselage. These body flaps, or drag brakes, were 1.5
body diameters long and each covered approximately 21 percent of the

body circumference. Tests were made in the Langley ll-inch hypersonic

tunnel at a Mach number of 6.86 and at a Reynolds number of 1.5 x 10°,

based on body length. Results are presented for the body alone and the
body with drag brakes deflected 10°, 200, and 30° in both the vertical

and horizontal planes. These results are compared with estimates given
by the Newtonian impact and shock-expansion theories.

SYMBOLS AND COEFFICIENTS

Cr, lift coefficient, L/qA
Cp drag coefficient, D/qA
L/D lift-drag ratio, Cg/Cp
Cn pltching-moment coefficient, My/qA
CDpin  minimm drag coefficient, Dpin/qA

L. incremental minimm drag coefficient, CDmin - (CDmin)g = QO

Xep center of pressure, percent body length from nose

L 1ift force normal to free stream

D drag force parallel to free stream

My pitching moment, moment reference 52.67 percent body length
from nose

Dpin minimum drag, drag at a.=O°A

a free-stream dynamic pressure

A " area of base of basic body

1 length of body

M free-gtream Mach nmnber

R free-stream Reynalds number based on 1
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3] deflection of drag brake, deg

a angle of attack, deg
MODELS

The drag-breke model configuration used for the present tests con-
sisted of a series of four stainless steel models, the body alone, and
the body with 10°, 20°, and 30° drag brakes (fig. 1). The body common
to the four models was an ogive nosed circular cylinder and with a fine-
ness ratio of 9.5. The drag brakes consisted of. fuselage panels

1
15 body diemeters long and 0.60 body diameters wide, rotating 10°, 20°,

and 30° about their leading edge, and located on the after end of the
body. The details and basic dimensions of the models may be seen in
figure 2.

‘STRATN-GAGE BATANCES

Three external strain-gage balances were used to measure the forces
and moments on the models. Two two-component balances of different sen-
sitivities were used to measure both normsl and chord force, and & vne-
component balance of low sensitivity was used to measure pitching moment.
Because of this low sensitivity, pitching-moment data were only obtained
up to an angle of attack of 15°. Angles of abttack were measured from
schlieren photographs for all tests. Lift and drag coefficients plotted
in the present figures were calculated from the measured normal and chord
forces. Base pressures were measured during all tests and the chord-force
component was adjusted to correspond to a base pressure equal to stream
static pressure. The average adjustment was about 5 percent of the meas-
ured chord force.

TESTS

Tests were made at an average stagnation temperature of 675° F to
avoid air liquefaction (ref. 8), a stagnation pressure of 20 atmospheres
sbsolute, and a test section Mach mumber of 6.86. These conditions

correspond to a Reynolds number of 1.5 X lO6 based on the body length.

The absolute humidity was kept to less than 1.87 x 10~2 pounds of water
per pound of dry air for all tests. Normal force and chord force were
measured at angles of attack from -50 to 250 and pitching moments were
measured at angles of attack from -4 to 15°.

RN
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PRECISION OF DATA

The maximum uncertainties in the force and moment coefficienfs for
individual test points - due to the balance system and variations in
dynamic pressure - have been estimated and are presented as follows:

CI, o o o o o o o o o o o o e s o s o o o o o eoaseasoa.. 10,015
CD @ = + o o o o e o o o o s s s e s s o s o e e s s« 10,005

In genefal, the faired curves should be more accurate than these values.
The angle of attack a was accurate within 0.1°.

RESULTS AND DISCUSSION

Drag Brakes im the Horizontal Plane

The longitudinal characteristics, Cp, Cp, L/D, Cm, end xcp ere
tebulated in tables I and II. The variation with angle of attack of
these coefficients is presented in figure 3 for the body alone and the
body with drag brakes in the horizontal position at angles of attack up
to 25° (Cp and Xcp Uup to only 15°) and drag-brake deflection angles
up to 30°. Included for comparison with the experimental data in fig-
ure 3 are the longitudinal characteristics as-predicted by the Newtonian
impact theory (ref. 9).

The predicted serodynamic characteristics referred to as impact
theory were obtained by calculating the characteristics for the ogive
nose, the cylindrical afterbody minus the area covered by the drag brakes,
and the drag brekes separately using Newtonlan impact theory and then
adding the various results together to obtain the coefficient for the
complete model.

It may be seen that the 1lift coefficient is predicted with reasonable
accuracy with deviaetions between experiment and theory being greatest for
the larger drag-brake deflections and at the higher angles of attack
(fig. 3). The shapes of the drag curves are predicted very accurately
except at the higher angles of attack for the 20° and 30° drag deflec-
tions. The predicted drag values are usually lower than the experimental
values probably because the impact theory does not consider skin friction.
An exception is the 30° drag-brake model where values of the drag coef-
ficient are slightly overestimated by theory at low angles of attack.

This is probably caused by a thickening of the boundary layer shead of
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the drag brake, which may be seen by comparing figure 4(a) with figure 4(g),
and the resulting reduction of brake area exposed to the flow. The over-
estimation of the curves of lift-drag ratio is considerable for all models
and follows from the low predicted values of drag and the more reasonable
predicted values of 1lift. The moment coefficients were predicted accurately
by the impact theory for the body alone and the 10° brakes (figs. 3(a) and
(b). However, for the 20° and 30° brakes in the horizontal plane

(figs. 3(c) and 3(d)), the predicted values of pitching-moment coefficient
are more negative than the experimental values. This deviation between
theory and experiment follows primarily from the higher predicted values

of 1lift coefficient caused by an overestimation of the 1lift contribution

of the horizontal drag brakes and somewhat by the more rearward position

of the center of pressure predicted by theory, especially for the 300
brakes in the horizontal plane.

Drag Brakes in the Verticael Plane

The experimental and theoretical longitudinal characteristics of
the drag-breke model with the brakes in the vertical position are pre-
sented in figure 5. The Newtonian impact theory as applied to the
vertical drag-brake models considered the top drag brake as being geomet-
rically shielded from the flow by the body at angles of attack. This
shielding hes been noted previously and 1s shown in reference 5 by the
decreasing yawing-moment derivative with angle of attack for the
"Horizontal tails and tap vertical tail configuration." By referring to
figure 5 it may be seen that, in genersl, the results of impact theory
adequately predict the experimental variatioms of Cj, Cp, Cp, and Xep

below an angle of attack of 8°. At the higher angles of attack, however,
the theoretical predictions deviate considerably from the experimental
coefficients. The 1ift predictions underestimate the measured 1lift

for the brakes in the vertical position thus differing from the case of
the brakes in the horizontal position where the 1ift prediction over-
estimated the experimental 1ift for the 20° and 30° brake deflections.

The generally lower predicted values of drag are, as in the case of
the horizontal brakes, partially due to the absence of skin friction in
the impact theory. The theoretical curves of lift-drag ratio considerably
overestimate the experimental 1lift-~drag ratio for the vertical brakes
primerily because of these low predicted values of drag. At small angles
of sttack portions of the 30° vertical brakes are in nonshielded flow
and congideration of the aerodynamic forces on these exposed parts results
in theoretical 1ift and drag curves which are nonlinear. Since these
trends are not verified by experiment, it may therefore be concluded
that the simple geometric shielding used here when considering this
blanketing is too approximate to account adequately for the effect of
body on the top drag brakes.

L By 'y
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Comparison of Drag Brakes

For comparison purposes, the variation of lift, drag, lift-drag
ratio, and pitching moment with angle of attack for the various drag-
brake model configurations is presented in figures 6 to 9. From
figures 6 and 9 it can be seen that the brakes in the vertical position
glve higher values of 1ift coefficlent and considerably more negative
values of the pitching-moment coefficient than do the brskes in the hori-
zontal position. On the other hand, the position of the brakes, whether
horizontal or vertical, has little effect on the lift-drag ratio (see
fig. 8). By comparing figures T(a) and T(b) it is clear that the drag
increases with angle of attack at a greater rate for the vertical drag
brakes than for the horizontal drag brakes even though the top vertical
brake is shielded by the body. The grester rate of drag increase indi-
cated for the vertical brakes occurs for the following reasons:

(l) The flow deflection angles occurring on the lower vertical
breke are larger than those on the horizontal brakes for a given angle
of attack; and since, at higher Mach numbers, the local pressures increase
nonlinearly with flow deflection angle, the local pressures acting on
the lower vertical brake increase at a greater rate than those acting on
the horizontal brakes.

(2) The boundary lsyer on the bottom of the fuselage becomes thinner
with increasing angle of attack thereby providing, on the lower vertical
brake, an increasing effective area which is exposed to the flow.

(3) The lower vertical brake is operating in a region of relatively
higher dynamic pressure since it is in the compression region under the
body.

A reversal of the preceding trend is observed when ccmparing the
respective drags produced by the horizontal and vertical brakes on the
basis of a given 1ift coefficient (see figs. 6 and 7). In this case a
higher drag 1s obtained from the horizontsl brakes because, in order to
attain a given 1ift coefficient, the model with the horizontal brakes
must assume a higher angle of attack, and therefore produces a higher
drag than the model with the vertical brakes.

The variation of the center of pressure with angle of attack for
the various models is presented in figure 10. The addition of the drag
brekes to the body tends to reduce the variation of the center of pressure
with angle of attack. The models with vertical brakes, in general, give
the smaller veriation. The values of X¢p were obtained through the use

of faired normal-force curves. The values of ‘xcp at a= 0° was

obtained by measuring the slope of the curves of Cp ageinst normal-force
coefficient at normal force equal zero.
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Minimum Drag

The variation of the incremental minimum drag coefficient with brake-
deflection angle is given in figure 11, and it may be seen that a’smooth
and rapid increase in drag may be obtained by increasing the brake- :
deflection angle.

_ Included in figure 11 are the incremental drag coefficients predicted
by the use of the impact and shock-expansion theories. The flow over the
drag brakes was assumed to be two dimensional for calculation by the shock-
expansion method and use was made of the tables and equations presented
in reference 10. The results of impact theory give good agreement with
experiment throughout the brake-deflection range, slightly underestimating
the experimental coefficients at small brake deflections and overestimating
at the higher deflections. The shock-expansion theory results, however,
considerably overestimate the experimental coefficients throughout the
breke-deflection range. This overestimation by theory is probebly due to
a reduction of the experimental incremental drag caused by the boundary
layer buildup along the body. It might be expected thet this deviation
between theory and experiment would be favorably altered by an increase in
Reynolds number.

CONCILUSIONS

Analysis of the experimental data, obtained from tests made in the
Langley 1ll-inch hypersonic tunnel on a cylindrical body of revolution
having an ogivel nose and equipped with two fuselage panel-type drag
brakes at a Mach mmber of 6.86 and a Reynolds number of 1.5 X 106 leads
to the following conclusions:

1. The trends of the longitudinal serodynemic characteristics with
angle of attack and brake-deflection angle may be adequately predicted
by the use of the Newtonian impact theory.

2. Although, at high angles of attack, the top vertical breke becomes
ineffective because of the blanketing effect or interference of the body
on the flow over the top of the model, the drag increases with angle of
attack at a greater rate for the drag brakes in the vertical position than
in the horizontal position. At a given lift coefficient, however, a
larger total drag is ‘obtained with the brakes in the horizontal position.

3., The drdg brakes in the vertical position produce considerably

larger negative pitching moments than do the brakes in the horizontal
position.

O R,
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4. The total.drag of a body of revolution at a Mach number of 6.86
increased over a wide range through the use of fuselage panel-type drag
brakes.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
+ Langley Field, Va., November 15, 1955,
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TABLE IT.- AERODYNAMIC CHARACTERISTICS OF THE MODEL AT M = 6.8

(a) Brakes in horizomtal plane

Zég Cp Xen ‘ii_g Ch Xep
5 = 0° body alone
Iy -0.052 0.333 10 0.085 0.418
0 .012 +330 15 .108 48
5 055 .329
, 8 = 30°
=4 -0.0%2 0.394 10 0.047 0.472
o] .002 RIS L] 15 Mo kR 500
5 .035 435
8 = 10°
4 -0.018 0.7k 10 0.010 0.538
0 -.003 g3 15 .008 522
5 012 193
5 = 200
) -0.003 0.519 10 -0.028 0.556
0 .000 .530 15 -.093 .578
5 -.001 530
(b) Brakes in vertical plane
at ’n Fop ase “n o
5= lOo
iy -0.018 0.467 10 0.016 0.510
0 .000 180 15 ~.005 530
5 015 kg0
8 = 20°
4 0.041 0.602 10 -0.11% 0.628
o] .000 .625 15 -.207 .629
5 -.055 647
& = 30°
L 0.108 0.719 10 -0.268 0.698
0 -.003 <725 15 =355 673
5 =140 .ok
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 Figire 1.- Photograph of drag brake models.
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Figure 2.- Details and basic dimensions of drag brake models. All

dimensions are in inches.
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a= 0.3 a = 15,3

(a) & = 09 body alone.

a'= 0k a=15.h

(b) ® = 10°%; brakes in the horizontal plane.

a = 0.2 e = 15.3

(c) & = 10°; brakes in the vertical plane.

j
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(d) & = 20° brakes in the horizontal plane.
’ L-9167L
Figure 4.- Typical schlieren photographs of drag brake models in the
horizontal and vertical positions at « = 0° and 15°. M = 6.86;

R=1.5 X 106.
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Figure 4.- Concluded.
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Figure 5.~ Variation of- the longitudinal characteristics of the drag
breke models with angle of attack for various drag brake deflections

with the brgkes in vertical positions.

M= 6.86; R = 1.5 x 100.
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(a) Brakes in the horizontsl plane.

Figure 6.- Variation of 1ift coefficient with angle of attack for various
drag brake model configurations. M = 6.86; R = 1.5 X 106.
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(a) Brakes in the horizontal plane.

Figure 7.~ Variation of drag coefficient with angle of attack for various
drag breke model configurations. M = 6.86; R = 1.5 x 10°.
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Figure T7.- Concluded.
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(a) Brakes in the horizontal plane.

Figure 8.- Variation of lift-drag ratio with angle of attack for various
dreg brake model configurations. M = 6.86; R = 1.5 x 106,
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Figure 8.- Concluded.
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Figure 9.- Variation of pitching-moment coefficient with angle of attack
for various drag brake model configurations. M = 6.86; R = 1.5 X 106
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Figure 10.- Variation of center of pressure with angle of attack for
various drag brake model configurations. M = 6.86; R = 1.5 X 106.
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Figure 11.- Variation of incremental minimim drag coefficient with drag
breke deflection angle. M = 6.86; R = 1.5 x 10°.
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